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Hemorrhage  and  complications  after 


ABST  RACI 

The  current  wars  in  Iraq  and  Afghanistan  have 
resulted  in  the  higlvst  rates  of  combat  casualties 
experienced  by  tlx:  U.S.  military  since  the 
Vietnam  conflict,  and  hemorrhage  has  been 
indenlrfied  as  the  principal  cause  of  death  among 
potentially  salvageable  patients.  Hemorrhagic 
blood  kiss  or  resuscitation  follow  ing  hemorrhage 
leads  to  complement  activation,  which  in  turn, 
plays  a  key  role  in  the  pathogenesis  of 
subsequent  shock,  tissue  inllammation  and 
multiple  organ  failuie  The  current  study  used  a 
porcine  model  of  controlled  hemorrhage  to 
delertnme  the  effects  of  early  bolus  injection  of  a 
complement  inhibitor,  decay-accelerating  factor 
(DAF).  administered  20  minutes  after  the  onset 
of  hemorrhagic  shock.  We  report  that 
hemorrhaged  animals  if  untreated  die  101) 
minutes  before  the  procedure  endpoint,  whereas 
animals  treated  with  DAF  alone  or  in 
combination  with  resuscitation  lluids  displayed 
increased  survival  when  compared  to  controls. 
Administration  of  DAF  (5  and  25pgkgl  reduces 
the  volume  of  Hextend  required  60  minutes  after 
achicv  mg  target  blood  pressure  by  approximately 
56.9  and  62%.  respectively.  Furthermore,  DAF- 
Heated  pigs  showed  improvement  of 
hemodynamic  and  metabolic  parameters  and 
reduced  injury  in  several  organs  including  the 
lungs  and  the  intestine.  In  summary,  our  data 
demonstrate  that  administration  of  DAF  within 
20  minutes  of  hemorrhagic  shock  may  reduce 
modality  and  morbidity  of  severely  injured 
soldiers.  Furthermore,  its  eft'ect  in  reducing  or 
eliminating  tl*:  need  for  resuscitation  lluids 
should  reflect  in  great  logistical  and  operational 
improvement  during  far-forward  medical  support 
missions. 

I.  INI KODLCTION 


resuscitation  are  the  major  cause  of  modality  and 
morbidity  associated  with  battlefield  wounds. 
Associated  morbidity  includes  sepsis,  ischemia 
and  rcpertusion  injury,  multiple  oigan  lailure. 
and  secondary  brain  and  spinal  eoid  injury 
(Spam,  et  al..  1999;  Yao.  e!  al..  199K; 
Lmmenholer  aixl  Schcidegger.  2002; 
Soderslioin  and  Urumbaek.  I9K6).  Following 
Ixrinorihagc  and  or  resuscitation,  intestinal  injury 
and  the  initiation  of  an  inflammatory  response 
play  a  major  role  ui  the  complications  tliat  ensue. 
These  complications  and  secondary  organ  injury 
following  heinonhage  are  associated  with  the 
redistribution  of  blood  flow  away  from  less  vital 
organs.  Following  hemorrhage  and  resuscitation, 
the  mxrovaseular  beds  in  the  intestine  and  lungs 
are  particularly  susceptible  to  injury.  The 
initiation  of  an  inflammatory  response  appears  to 
play  a  major  role  in  tin:  complications  that  occur 
subsequent  to  hemorrhage  and  resuscitation.  We 
and  olhets  have  previously  demonstrated  in 
rodents  that  complement  activation  is  centrally 
involved  m  causing  oigan  injury  following 
hemorrhage  and  resuscitation  (Yao.  et  al..  I99K: 
S/ebeni.  et  al.  2003;  personal  communication). 
In  this  study  we  have  used  recombinant  human 
decay-accelerating  factor  (DAF)  to  inhibit 
complement  activation  and  demonstrated  its 
beneficial  elects  in  a  porcine  model  of  tissue 
injury  induced  by  hemorrhage  and  resuscitation. 
1.1  Hemorrhage  as  a  Cause  of  .Morbidity  and 
Mortality  The  current  wars  ui  Iraq  and 
Afghanistan  have  resulted  in  the  highest  rates  of 
combat  casualties  experienced  by  the  U.S. 
military  since  the  Vietnam  conflict.  Those 
casualties  suffer  wounds  that  have  no  common 
civilian  equivalent  and  more  frequently  tequite 
massive  transfusion  (greater  than  10  units  of 
packed  red  blood  cells  in  less  than  24  his)  than 
injured  civilians.  Military  surgeons  have  found 
that  traditional  approaches  to  resuscitation, 
particularly  in  terms  of  the  rains  of  blood 
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products  to  each  other  and  the  timing  of  these 
products,  often  fail  to  effectively  treat  the 
coagulopathy  lliat  is  Invariably  present  on  arrival 
in  there  soldier*.  Thu  observation  has  been 
concurrently  noted  in  the  civilian  trauma 
literature  and  has  ignited  strong  interest  in  an 
allemative  appioaeh  to  the  resuscitation  of  these 
must  grievously  injured  patients.  These 
approaches  include  mixing  Others  the  use  of 
pcmtudive  hypotension,  the  prevention  and 
aggressive  treatment  of  hypothermia,  and 
introduction  of  nest  alternatives  to  lluid  infusion 
resuscitation.  Ibis  strategy  has  been  called 
"ib mage  control  resuseuaiion"  to  emphasize  its 
pairing  with  damage  eunliol  suigical  teihnit|ues 
(Berkley,  2D(W). 

1.2  Complement  |C)  aeiivaiiiin  in 
hemorrhage  DAT.  a  ubiquitously  expressed 
intrinsic  C  regulatoiy  prole  ui.  inhibits  C 
activaluin  by  mlcrfcnng  with  the  function  of 
C3/CS  cunvertases  in  both  of  classic  and 
alternative  pathways,  thereby  limiting  local 
Ou/t'Sn  and  CSb-9  (MAC)  production  (Luhlm 
and  Atkinson.  19X9:  Mivva  and  Song.  2001)  In 
the  present  study,  wo  investigated  potential 
effects  of  DAT  on  resuscitation  lluid 
iei|uircmcnt.  hemodynamic  responsiveness, 
tissue  damage,  and  animal  survivability  after 
hentorrliagie  sliock  managed  with  a  hypsitensive 
resuscitation  strategy. 

We  have  previously  demonstrated  that  C 
inhibition  with  DAT  results  in  tissue  protection 
during  ischemia! cpeitusion  in  mice  (Weeks,  el 
al..  20(17).  We  have  also  repotted  previously  tliai 
bolus  injection  of  antibody  agamsl  C5  results  m 
sigmlieani  decrease  in  resuseitative  lluul 
rei|uiremenls  after  hemorrhagie  shock  in  rats 
(Peckhnm.  ct  al..  2UU7).  In  eonlinuing  our  efforts 
to  identify  the  most  elicacous  C  Inhibitor  ui 
limit  tissue  injury  and  minimize  resuscitation 
lluid  volumes  we  investigated  the  effect  of  DAT 
administered  2f)  minutes  after  the  onset  of 
hcmortliagic  shock  m  a  porcine  model  of 
hemorrhage' resuscitation.  We  report  that  indeed 
DAT',  a  human  recombinant  protein,  limits  the 
resuscitation  fluid  volumes  and  prevents 
significantly  tissue  injury. 

2.  MATERIALS  AND  METHODS 

The  stixly  adhered  to  the  principles  staled  in  the 
Guide  for  the  care  and  use  of  Laboratory 
Animals  was  approved  by  the  Institute's  Animal 
Care  and  Lie  Committee  and  was  performed  in  a 
facility  accredited  by  the  Association  for 


Assessment  and  Accreditation  of  Laboratory 
.Animal  Care.  International.  All  rescareh  was 
conducted  in  compliance  with  the  Animal 
Welfare  Act  and  other  Federal  statutes  and 
regulations  related  to  animals  and  experiments 
tnvolv  ed  animals. 

2.1  Reagents  and  antibody:  Recombinant 
liu man  CUSS' DAF  was  obtained  from  RAD 
Systems  (Minneapolis.  MN).  6%  llelastareh  m 
Lariated  electrolyse  injection  (HexiendKi)  was 
from  Hospira  Inc.  (Berkeley,  CA).  Polyclonal 
anhsenun  to  human  C5  antibody  was  puteluscd 
from  Quidcl  Corporation  (San  Diego.  CA). 

2.2  Experimental  design.  The  animals  were 
Inrmonhagcd  using  controlled,  isobanc  Wiggers ' 
model  of  controlled  henuinhagic  shock  (Figure 


hi—  <»«»■■■«  aap  — IXMII 

l).|The  animals  (sw  ine.  Yorkshire  crossbred,  12 
weeks  old.  30-10  kg)  were  enrolled  in  one  of 
seven  experimental  groups.  I)  II.  hemorrhage 
only  |n  -  1).  2)  H  ■*  Hex.  bemortliage  ’ 
HextcnlX  <n  -  V):  3»  II  *  DAFJOpg. 
hemonhage  <  DAF  (SOpgkg  hw.  n  -  X);  *1)  II  ' 
DAF5|ig'llev  hemorrhage  *  DAF  (Sggkg 
bw)1 1  (extend  «  In— I).  5)  II  *  DAF25pg  •  Hex. 
hemonhage  •  DAF  (25pgkg  bw  I  *  Hextend  x 
(n-6);  6|  H’DAFSOpg  *  Hex.  hemonhage  • 
DAI  (50jiu'ku  Irw  I  '  Hextend  «  <n— <»l.  and  7) 
CnntroL  Sham  (nit  hemorrhaged,  n  -  5). 
Animals  were  hemotthaged  to  a  MAP  of 
35ntmHg  over  a  period  of  15  minutes  and  then 
held  al  35mm!  Ig  for  20  minutes.  Al  tlx:  end  of 
20-mtnute  stabilization  period  animaLv 
underwent  resuscitation  with  Hextend*  to  a 
target  MAP  of  7(1  iiunllg  over  15  minutes  and 
maintained  with  a  minimum  MAP  of  7U  minllg 
for  1X0  minutes.  Recombinant  human  DAF  w» 
given  as  bolus  in  60  ml  of  saline  simultaneously 
With  the  slart  of  resuscitation.  Artcnal  blood 
samples  were  ublaincd  at  lire  pnur  to  surgery 
(Pre-Op),  poor  lo  hemorrhage  (Cl.  C2). 
lKmunhage  to  35  mmllg  (35  minllg)  of  MAP. 
prior  to  resuscitation,  al  70  minllg  of  SIAP.  and 
then  ul  211  minute  uiteivals  throughout  the 
experimental  prolocul.  Blood  samples  were 


analyzed  for  complement  activation.  hematocrit, 
POj,  PCOj.  pll.  HCOi.  glucose,  lactate,  Na  .  K  . 
Ca",Ct. 

2.3  Tissue  ha  rust:  the  animals  wen: 
euthanized  by  lethal  bleeding  and  isofluranc  at 
endpoint.  Tissue  samples  including  lung  and 
small  intestine  were  removed.  frozen  ui  liquid 
nitrogen  and  stored  at  -MFC  for  gene  and  protein 
expression,  or  lived  with  10%  finnialin  or  4% 
parafomraliHiyde  for  histological  and 
unmunohistochenucal  analysis. 

2.4  Tissue  protein  extraction:  Frozen  tissue 
samples  were  lliawcd.  washed  with  ice-cold 
PBS.  suspended  in  RIP  A  bullet  containing 
protease  inhibitors  (2pg'ml  of  aprotinin.  lOpM 
of  leupeptin.  ImM  of  AEBSF).  and  mmeed  on 
ice.  Then.  the  sauries  were  sonicated  on  ice  at 
setting  5.  for  4  x  10s  at  continuous  output,  with 
10s  pause  in  between.  The  samples  were  then 
centrifuged  at  13.000  rprn  for  lOrmn  at  4T.\  The 
supernatants  were  frozen  and  stored  at  -HOC  until 
further  processing.  Aliquots  were  used  to 
detcnnuie  protein  concentration. 

2.5  Histological  examination:  10%  formulm- 
lixcd  tissues  were  embedded  in  purallm. 
sectioned  and  stained  with  hematoxylin-eosm 
(H&E).  Histological  evaluation  was  observed 
and  histological  images  were  recorded  under  a 
light  microscope  (Olympus  Leica.  AX80.I  with 
-40  -20  objective  by  a  pathologist  blind  to  the 
treatment  groups.  Histological  injury  scores  were 
graded  using  the  scales  as  follow: 

For  lung  injury  scoring  as  described  previously 
(Carraway,  el  al.  2003),  four  parameters 
(alveolar  fibrin  edema,  alveobr  hemorrhage, 
septal  thickening  and  intra-alveolar 
inllammatory  cells)  were  scored  on  each  slide  for 
1)  seventy  (0:  absent;  1.2  and  3  for  more  severe 
changes)  and  2)  extent  of  injury  (0:  absent.  I: 
<2S%;  2:  25-50%;  3:  >50%).  for  Hie  injury  score 
represents  the  sum  of  tlx:  extent  and  the  severity 
of  injury. 

Mucosal  damage  of  small  intestine  for  each  slide 
was  graded  on  the  six-tiered  scale  (Fleming,  cl 
al..  2002;  Rehrig,  et  al..  2001 ).  A  score  of  0  w  as 
assigned  to  a  normal  villus;  villi  with  tip 
distortion  were  scored  as  1;  villi  lacking  goblet 
cells  and  containing  (iugciihcims'  spaces  were 
score  as  2;  villi  with  patch  disruption  of  the 
epithelial  cells  were  scored  as  3;  villi  with 
exposed  but  intact  lamina  propria  and  epithelial 


cell  sloughing  were  assigned  a  score  of  4;  villi  in 
which  the  lamina  propria  was  exuding  were 
scored  as  S;  villi  displaying  hemorrhage  or 
denuded  were  scored  as  6. 

2.5  Statistical  analysis:  Data  are  expressed  as 
Mean  ±  SEM.  The  logrank  test  or  one-  or  two- 
way  ANOVA.  I’  values  <0.05  were  considered 
significant. 

3.  RESULTS 

3.1  Baseline  characteristics.  The  experimental 
groups  did  not  differ  significantly  in  the  baseline 
characteristics  including  weight,  hemoglobin 
concentration,  arterial  pH.  p<>:.  pCOj,  glucose, 
HCOs.  base  excess,  potassium,  ionized  calcium, 
LkIuIc  levels,  and  MAP.  The  groups  of  animaLs 
did  not  differ  ill  the  total  blood  loss  duiing  the 
35-mmHg  ceiling  hemonhagic  phase  (data  not 
shown). 

3.2  Hemodynamic  and  metabolic  changes.  At 
the  end  of  the  35-mmHg  ceiling  hemorrhage 
phase  (“Decompensation"),  mean  arterial 
pressure  (MAP)  in  treated  animals  except  those 
m  the  Hemorrhage  *  DAF2Spg  *  Hex  tend* 
group  was  not  different  from  that  in  the 
Hcimnrliage  group.  There  were  no  clear 
differences  in  shock  index,  arterial  pH.  pCOj, 
HCOs.  base  excess,  lactate,  glucose,  potassium, 
or  ionized  calcium  levels  between  treated  and 
non-lreated  hemorrhage  at  the  decompensation 
point.  Mean  arterial  pressure  (MAP)  in  annuals 
treated  with  the  combination  of  DAF  and 
Hcxlend'K'  was  significantly  higher  at  120  min 
from  the  onset  of  resuscitation  when  compared 
with  non- treated  hemorrhaged  animals  or  those 
treated  only  with  a  high  dose  of  DAF  f  Table  I). 
The  administration  of  a  high  dose  of  DAF 
(SOpgkg  b.w.)  w  ithout  Hextcnd*  did  not  clearly 
increase  the  mean  blood  pressure  throughout  the 
observation-  Shock  index,  dual  is.  the  ratio  of 
heart  rale  to  systolic  blood  pressure,  in 
hemorrhaged  anunals  treated  with  the 
combination  of  DAF  and  Hcxlcndld  was 
significantly  lower  than  in  non-lrealcd  animals. 
The  high  dose  of  DAF  alone  also  significantly 
decreased  shock  index  m  hemorrhaged  animals 
at  120  min  from  the  onset  of  resuscitation  phase 
(  Table  I ).  Shock  index  m  anunals  treated  w  ith 
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DAF  alone  was  not  difl’etent  from  Ihe  index  in 
nottrealed  hemotthage  (data  no(  shown). 
Iiiaiiiu.nl  with  DAF  and/or  Hex  lend*  corrected 
pi  I  levels  m  hemorrhaged  animals  at  120  min 
from  ihe  onsel  of  resuscitation.  Only  ihe 
combination  of  DAF  and  fluid  though  reduced 
pt'O;  in  hemorrhaged  animals.  There  were  no 
clear  changes  in  bicarbonate  levels  between  the 
experimental  groups  at  120  nun  (Table  1). 
Significantly  reduced  bicarbonate  levels  and  base 
deficit  were  observed  in  the  II  *  DAF25pg  * 
IlextendKi  group  at  the  resuscitation  point  of  Ihe 
target  MAP.  Treatment  with  DAF  alone  or 
followed  by  fluid  infusion  significantly 
improved  base  deficit  in  hemorrhage.  There  were 
no  dilterences  in  potassium  or  loni/cd  calcium 
concentration  between  hemorrhaged  non  trealed 
animals  and  throe  treated  with  DAFSOpg  (Table 
1).  The  observed  dilYcrences  in  electrolyte 
eoix'entiations  between  the  llemonhage  group 
and  animals  treated  with  combined  agents  may 
be  attributed  to  diluted  bkxid  plasma  by  infused 
IlextendKi,  a  plasma  expander. 

3J  Fluid  requirements.  To  determine 
whether  treatment  with  DAF  reduces 
requirement  of  resuscitation  fluid,  we  calculated 
the  ratio  of  cumulative  fluid  infusion  over  total 


blood  loss  (TBL)  for  each  group  at  20.  SO.  140 
and  200  minutes  after  resuscitation  with 
IlextendK  (Figure  2>.  Ihe  combination  of 
smaller  doses  of  DAF  (5.  25pgkg  b.w.,  i.v.) 
followed  by  infusion  of  IlextendK)  significantly 
reduced  the  requirement  for  reuiscitative  fluid  at 
60  min  alter  target  blixid  pressure  was  achieved 
(70  nunllg)  when  compared  with  the  animals 
treated  with  IlextendK  alone  (p<0.05).  DAF 
(2Spg'tg)  in  combination  with  llextcnd* 
significantly  reduced  Ihe  fluid  requirement  at  I 
and  2  hours  after  Ihe  target  point  of  resuscitation 
when  compared  animals  treated  at  higher  dose  of 
DAF  (SO  ggVg)  plus  IlextendK  (Figure  2). 

3.4  DAF  prolong*  animal  survival.  To 
determine  whether  DAF’  increases  survival  of 
hemorrhaged  animals,  we  monitored  animal 
mortality  and  cumulative  survival  was  plotted 
(Figure  3).  Administration  of  IlextendK  with  or 
without  DAF  increased  animal  survival  (pO.Ol ). 
Superior  survival  rales  were  observed  in  animals 
treated  with  a  high  dose  of  DAF  (SOpg  kg  b.w.) 
when  compared  with  those  treated  with  only 
IlextendK  (p-:0.0S>  alone  or  in  combination  with 
DAF. 

3.5  DAF  limits  lung  injury  associated  with 
hemorrhage  and  resuscitation.  I IAI 


Cumulative  fluid  infusion 


Hemcntiage  (HJ.SaUie'rtsaend 
H  •  DAFSug  *  Hertaid 
H  *  DAF25ug  *  Helena 
H  *  DAFSOug  *  Hetfena 


Time  Mlc  the  onset  of  OAF  injection  (Min) 

figure  2  DAF  trciiziKiit  reduce-*  fluid  requirement  in  a  swire  hrmnrrhigu:  nvdH  nuruged  with  hypctfe&BVC 
rciuiciution.  l>»e  ratio  of  cumulative  fluid  mtiniun  over  total  blued  Km  t  lliLl  was  calculated  fur  tuch  croup 
jt  20. J0, 14(1  mi  200  niiiiuies  afler  Hcxurd  roa*atniun.  The  number  ol  anuailr  arc  given  on  the  ban.  •  P  <  0 
••  /'<  001  Itwu-wiy  ANOVA;  Bcafemxia  nuit  tens). 


stained  hutologieal  sections  (Figure  «IA|  and 
injury  scares  I  Figure  4B|  show  ed  marked  lung 
injury  utter  hemorrhage  and ''or  resuscitation. 
Histcputhutogicul  analysts  of  lung  I  issues 
revealed  destruction  of  the  alveolar  architecture 
with  severe  alveolar  hemorrhage  and  moderate 
inflammation  compared  with  Shorn  operated. 
Treatment  with  DAF  alone  mulled  in  optimal 
reduction  m  tiuue  dimige  when  compared  to  ail 
oilier  groups.  Sigmftcanl  lung  tissue  protection 
was  also  observed  in  animals  Healed  with  DAF 
(Spg’kg  b.w.)  plus  Hexleiul  when  compared  to 
Ik* tend  alone  or  Hemorrhage  alone. 

3.6  DAF  limits  intestinal  injury  associated 
with  htmtirrliage  ami  resuscitation. 
Histological  changes  (Figure  5  A)  and  injury 
scores  (Figure  SB)  o(  small  intestines  (rum  the 

Sintral  jrepertem 


! 


sime  animals  as  described  above  were  examined. 
When  complied  With  small  intestines  obtained 
from  Sham  pigs,  intestines  obtained  from  pqpt 
subjected  to  hemorrhage  or  hemotthaged  and 
resuscitation  exhibited  epithelial  cell  sloughing, 
villi  denuding,  necrosis  and  inflammation, 
whereas  animals  treated  with  DAF  <50  gg'kgl 
akme  or  DAF  (Spg/kgJ  plus  liextendK'  showed 
significanlly  reduction  m  mleslmal  mjury 
l  Figure  5B).  When  higher  dose  of  DAF  (50 
pitkg-bw)  was  used  in  combination  wilh 
HexlendM  it  resulted  in  augmented  hemorrhage- 
induced  intestinal  damages  conjured  wilh  Out 
of  lower  tlusc  DAF  (5  pg  kg)  followed  by 
resusciiatton. 

3.7  EfTect  of  DAF  in  C5a  deposition  in  animal 
lung*.  To  understand  whether  DAF  exerts  ils 
major  molecular  funehon  in  complement 
inhibition,  wv  detected  the  expression  of  CSa  m 
lungs  from  the  anmuls  by  unniurxiblot  analysts 
I  Figure  6  A  and  6B|  Increased  amounts  of  C5a 
were  tound  m  lungs  from  annuals  undergoing 
Ixmiortluec  and  hemorrhage  followed  by 
resuscitation  compared  wilh  Sham  animals 
(p<0.001).  Treatment  though  with  DAF  either  at 
a  dose  of  50  pg  kg  in  bernotthuged  animals  or  a 
dose  ol  Spg-'kg  in  the  animals  with  hemorrhage 
plus  resuscitation  limited  significantly  the 
amounts  of  CSa  in  the  lungs  I  p-0.05) 
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Figure  4  DAF  mitigates  lung  injury  in  n  swine  hemnntuigic  model.  A.  Representative  ll&Ii  stained 
histological  sections  of  lung  from  pigs  subjected  to  ilic  protocol.x400.  B.  lung  injury  scores  were  calculated 
using  die  scale  shown  in  Klaierialt  and  Method*  fur  each  animal.  •  peOiKIl  v».  H,  11-Hex  and 
I  I *  DAFJDpg >  I  lex.  JKO.0S  vs.  ll-l)AF5gg-llex.  t  (KO.OOI  vs.  H.  11-Ilex;  [  p<O.OOI  vc  II.  p<0,0S  vs. 
H+Hex; "  p-"-0.DI  vs.  II  >  DAF5pg>  Ilex,  p<0.001  vs.  H-DAF50pg  (OtwAVay  ANOVA.  Tukcv's  post  test). 
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vs  K. p<0 05 vs  K*Ho;  J p<D U> vs  U.SpeD.01  vs  pen 0)1  vs HSDAKIOua 
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4.  DISCUSSION 

llemon  hagic  blood  loss  or  resuscitation 
following  hemorrhage  leads  ui  complement 
activation  (Yao.  el  al..  1998;  S/elvm.  et  al.  2003; 
Pec&lum.  et  al..  2007).  DAF  inhibits  the 
alternative  complement  pathway  by  accelerating 
decay  ol  the  convertase  enzymes  formed  by  03b 
and  factor  B  (Lublin  and  Atkinson,  1989;  Miwa 
and  Song,  2001).  Thus.  DAF  treatment  following 
hemorrhage  attenuates  complement  activation 
caused  by  hemorrhage  or  hemnnbage  and 
resuscitation.  Several  miponant  findings  were 
observed  in  the  present  study.  First,  treatment 
with  either  high  dose  of  DAF  (SOpg  kg)  alone  or 
smaller  ikises  of  DAF  (5-2Sfig  kg)  followed  by 
McxtendK  dramatically  meteased  survival; 


second,  ihe  presence  of  DAF  in  the  resuscitation 
lluuli  proiccicd  animal*  significantly  from  tissue 
damage  in  multiple  otgans:  third,  smaller  dose* 
of  DAF  displayed  significant  reduction  of 
resuscitation  lluid  requirements;  and.  linally. 
admimstiation  of  DAF  corrected  altered 
hemodynamic  and  melabolic  parameter* 
triggered  by  hemorrhagic  shock. 

Hypovolemic  res  in  citatum  is  Ihe 
current  standard  of  care  aiid  has  proved 
successful  in  many  critical  hemorrhagic  shock 
patients.  However,  growing  evidence  show*  that 
lluid  infusion  causes  excess  lluid  extravasation 
into  the  interstitial  space  which  may  worsen 
trauma-related  complications  and  can  lead  to 
dilution al  coacuUmalhv  (llai.  2004;  Moore,  el 
al.  2004;  Revell.  cl  al..  2003;  Stern.  2001). 
Stareh-contarning  fluids  such  as  HextendK  may 
also  came  derangements  in  coagulation  and 
pruritus  I  Hardy,  el  al.,  2006:  Boifc.  2005). 
Therefore  strategies  aimed  at  reducing  or 
eliminating  lire  need  for  resuscitation  fluid 
infusion  has  been  identified  as  a  major 
requirement  for  both  military  and  civilian 
medicine.  Another  requirement  identified  by 
special  operations  medics  as  well  as  tactical 
combat  casualty  care  experts  relates  to 
identification  of  volume-sparing  adjuncts. 
Specifically,  rl  should  reduce  the  carrying  load  of 
nrcdscs  in  forward  military  environment*  and 
with  delayed  evacuation  or  mass  casualty 
scenarios  where  availability  of  resuscitation 
fluids  may  be  limited  and  requires  significant 
logistical  footprint.  In  this  study,  we  report 
significant  reduction  of  resuscitation  fluid 
requirements  with  intravenous  bolus  injection  of 
DAF.  The  volume  sparing  effects  of  DAF  are 
comment  with  our  previous  unpublished  daia 
from  a  rat  hemorrhagic  model  and  it  suggests 
dial  DAF  may  have  the  capability  to  regulate 
micro  vascular  fuirelrun. 

Although  Ilexlen.liO  alone  improves  some 
hemodynamic  and  melabolic  parameters,  it  also 
aggravates  otgan  injury.  Therefore.  Ihc  present 
study  provides  an  attractive  candidate  to  mitigate 
these  side  effects  of  HextemFK  by  demonstrating 
the  efficacy  and  safety  of  bolus  injection  of  DAF 
as  either  adjunct  therapy  or  replacement  to 
resuscitation  fluid. 

The  present  study  also  revealed  a 
potential  limitation  related  to  the  therapeutic 
range  of  DAF  when  combined  with  Hex  tend. 
Animals  receiving  lire  highest  dose  of  DAF 
(50gg/kg  b.w.)  followed  by  HextendK  infusion 
not  only  failed  to  show  beneficial  effects  bul  also 
masked  any  positive  effects  of  HextendK  alone. 


Further  studies  will  be  needed  lo  clarify  this 
outcome.  Complement  inhibition  may  interfere 
with  the  coagulation  cascade  ( Horst ick.  el  al.. 
2001;  Tassani  P,  Cl  al..  2001).  Il  is  also  known 
lhat  colloidal  and  slatch  fluids  may  also  cause 
dilutuinal  coagulopathy  (Kentnera,  et  al..  2005; 
Vollriur  and  Monger.  2004).  The  increased 
mortality  associated  with  the  administration  of 
high  dose  of  DAF  and  Hextcnd  may  be  caused 
by  the  induction  of  severe  coagulopathy.  We  are 
currently  in  the  process  of  determining  the  status 
of  the  coagulation  cascade  in  blood  samples 
which  were  collected  from  all  groups  throughout 
ihe  experiment. 

DAF  administered  al  Ihe  beginning  of 
resuscitation  increases  survival.  reduces 
resuscitation  requirements,  prevents  tissue 
damage  and  also  provides  a  basts  for 
replacement  therapy  to  hypovolemic 
resuscitation.  All  of  which  lias  Ihc  potential  lo 
dramatically  reduce  medic  load  and  logistic 
foot print  duiuig  far- forward  medical  support  lo 
military  operations.  Furthermore,  the  effects  of 
DAF  in  preventing  onset  of  dccompcmalion 
during  early  stages  of  shock  poses  an  attractive 
Ihcrapcuiic  approach  in  civilian  emergency 
medical  response  to  trauma  such  as  those 
observed  followed  automobile  crashes. 

In  conclusion,  the  present  study  reveals 
for  the  first  time  in  a  military  relevant  model  of 
hemorrhagic  shock  lhat  bolus  injection  of  DAF 
given  wilhin  the  tune  frame  observed  for  Ihc 
arrival  of  tire  lirsl  responder  in  current  military 
operations  may  be  utilized  as  an  important  life 
saving  lool  leading  lo  decreased  mortality  and 
possibly  motbrdiiy  of  severely  injured  casualties. 
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